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The	 first	molybdenum	 complexes	 of	widely	 used	NHC-based	 CNC	 and	C^N^C	pincer	 ligands	 are	
described,	 viz.	 [Mo(L)(CO)3]	 (L	 =	 2,6-bis(mesityl-imidazolylidene)pyridine	 ≡	 CNC-Mes,	 1;	 α,α’-
(diimidazolylidene-dodecamethylene)lutidine	 ≡	 C^N^C-12,	 2).	 These	 complexes	 have	 been	
thoroughly	 characterised	 in	 solution	 and	 the	 solid-state,	 revealing	 different	 stereochemical	
preferences	 of	 the	 tridentate	 ligands	 depending	 on	 the	 nature	 of	 the	 scaffold.	 In	 the	 case	 of	























Fueled	 by	 flourishing	 applications	 in	 catalysis	 and	materials	 science,	 pincer	 ligands	 featuring	N-
heterocyclic	 carbene	 (NHC)	 donors	 are	 becoming	 increasingly	 prominent	 in	 contemporary	
organometallic	 chemistry.1,2	 These	 ligands	 combine	 the	 strong	 σ-donor	 characteristics	 of	 NHCs	
with	 the	 favorable	 thermal	 stability	 and	 reaction	 control	 possible	 with	 a	 tridentate	 geometry.	
While	the	structural	diversity	of	this	ligand	class	continues	to	evolve,	prototypical	variants	bearing	
two	 imidazolylidene	 donors	 connected	 by	 pyridyl	 (CNC)	 and	 lutidyl	 (C^N^C)	 coordinating	
backbones	 remain	 the	 most	 heavily	 investigated.1,3	 The	 former	 are	 characterised	 by	 rigid	










Stimulated	by	 recent	breakthroughs	 in	molybdenum	chemistry	exploiting	pincer	 ligands,	 such	as	
the	 coordination	 induced	activation	of	N-H	bonds	 (A)5	or	 catalytic	 reduction	of	N2	 to	NH3	 (B),6,7	
and	building	on	related	examples	(e.g.	C	–	F,	Chart	1),8,9,10,11	we	became	interested	in	developing	

























































N-H bond activation, A N2 reduction to NH3, B
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reaction	 between	 the	 singlet	 carbene	 CNC-Mes	 and	 [Mo(CO)6]	 in	 benzene	 at	 60	 °C	 and	
subsequently	isolated	in	moderate	yield	on	crystallisation	at	RT	(29%,	Scheme	1).	The	complex	can	






The	 structure	 of	mer-1	 was	 confirmed	 through	 a	 combination	 of	 solution	 (CD2Cl2	 /	 CH2Cl2)	 and	







































Figure	 1.	 Solid-state	 structure	 of	mer-1.	 Thermal	 ellipsoids	 drawn	 at	 the	 30%	 probability	 level;	
solvent	molecule	and	hydrogen	atoms	omitted	for	clarity.	The	starred	atoms	are	generated	by	the	
symmetry	operation	1-x,1-y,z.	Selected	bond	lengths	(Å)	and	angles	(deg):	Mo1-C2,	1.97(2);	Mo1-
C4,	 2.021(8);	 Mo1-N10,	 2.17(2);	 Mo1-C18,	 2.146(8);	 N10-Mo1-C2,	 180;	 C4-Mo1-C4*,	 162.7(4);	
C18-Mo-C18*,	146.2(5).	
	
Coordination	 of	 C^N^C-12	 to	 group	 9	 and	 10	 metals	 has	 previously	 been	 realised	 through	
transmetallation	 reactions	 of	 coinage-metal	 derivatives	 of	 C^N^C-12·2HBr.14	 Following	
unsatisfactory	 results	 employing	 reactions	 of	 a	 silver	 transfer	 agent,	 generated	 from	 reaction	
between	 Ag2O	 and	 C^N^C-12·2HBr	 in	 the	 presence	 of	 a	 halide	 abstractor,	 we	 reverted	 to	 a	
strategy	analogous	to	that	used	for	mer-1.	Recognising	the	significantly	lower	stability	of	the	free	
carbene	 it	was	 instead	generated	 in	 situ,	 through	deprotonation	by	a	 stoichiometric	quantity	of	
strong	 base,	 directly	 in	 the	 presence	 of	 a	metal	 precursor.	 Preliminary	 NMR-scale	 experiments	










In	CD2Cl2	 solution,	 the	 1H	and	13C	NMR	spectroscopic	characteristics	of	 fac-2	are	consistent	with	
tridentate	 coordination	 of	 C^N^C-12	 to	 a	 central	 molybdenum	 carbonyl	 fragment;	 evidenced	
firstly	 by	 absence	 of	 high	 frequency	 imidazolium	 1H	 signal	 of	 the	 corresponding	 pro-ligand	 (δ	
10.8),12	but	more	conclusively	by	the	presence	of	three	high	frequency	13C	resonances	attributed	
to	 the	coordination	of	 the	carbene	 (δ	201.0)	and	carbonyl	 ligands	 (δ	233.0,	225.3;	~	1:2	ratio)	–	
assignments	 verified	 by	 an	HMBC	 experiment.	 These	 13C	 data	 are	 notably	 different	 to	 those	 of	
mer-1,	with	the	carbenic	resonance	20	ppm	lower	 in	 frequency,	while	 those	of	 the	carbonyl	are	
perturbed	by	approximately	10	ppm.	Such	differences	strongly	suggest	fac-coordination	of	C^N^C-
12	as	this	configuration	places	the	NHC	donors	trans	to	the	carbonyl	ligands.	Indeed	13C	signals	of	
very	 similar	magnitude	are	observed	 for	 the	NHC	and	 trans-disposed	carbonyl	 ligands	 in	F	 (δNCN	
195.5;	 δCO	 224.9).10	 The	 presence	 of	 diastereotopic	 methylene	 1H	 resonances	 and	 presence	 of	
three	carbonyl	stretching	bands	(1893,	1771,	1771	cm-1,	CH2Cl2;	1880,	1767,	1736	cm-1,	ATR)	are	





Ultimately	 the	 assignment	 of	 2	 to	 a	 fac-coordination	 geometry	 is	 corroborated	 by	 structural	
determination	 in	 the	 solid-state	by	X-ray	 crystallography	 (Figure	2).	Reflecting	 the	 flexibility	and	
conformation	 of	 the	 NHC-based	 pincer	 ligand,	 the	 metal	 adopts	 an	 almost	 ideal	 octahedral	
coordination	 geometry,	 with	 approximately	 linear	 N1-Mo1-C2,	 C18-Mo1-C4,	 C24-Mo1-C6	 bond	
angles.	 In	 comparison	 to	mer-1,	 the	 solid-state	 structure	 of	 fac-2	 is	 notable	 for	 shorter	Mo-CO	
bonds	 (1.924(5)	 vs.	 1.97(2)	 Å;	 1.971(6)/1.972(6)	 vs.	 2.021(8)	 Å),	 but	 elongated	 Mo1-C18/24	
(2.282(5)/2.247(6)	 vs.	 2.146(8)	 Å)	 and	 Mo1-N10	 bonds	 (2.350(5)	 vs.	 2.17(2)	 Å);	 presumably	
reflecting	stronger	M-CO	bonding	(cf.	IR	data)	and	a	less	constrained	geometry,	respectively.	The	
fac-2
















Figure	 2.	 Solid-state	 structure	 of	 fac-2.	 Thermal	 ellipsoids	 drawn	 at	 the	 30%	 probability	 level;	
solvent	molecules	and	hydrogen	atoms	omitted	for	clarity.	Selected	bond	 lengths	(Å)	and	angles	
(deg):	 Mo1-C2,	 1.924(5);	 Mo1-C4,	 1.971(6);	 Mo1-C6,	 1.972(6);	 Mo1-N10,	 2.350(5);	 Mo1-C18,	
2.282(5);	 Mo1-C24,	 2.247(6);	 N10-Mo1-C2,	 174.1(2);	 C18-Mo1-C4,	 173.3(2);	 C24-Mo1-C6,	
167.4(2);	C18-Mo1-C24,	100.26(19).	
	
Given	 the	 contrasting	 outcomes	 associated	 with	 coordination	 of	 CNC-Mes	 and	 C^N^C-12	 to	
{Mo(CO)3},	 we	 sought	 to	 investigate	 the	 stereochemical	 preferences	 of	 these	 systems	 further.	
Firstly	in	attempt	to	rule	out	kinetic	selectivity,	solutions	of	isolated	mer-1	and	fac-2	in	THF	were	
heated	 at	 60	 °C	 over	 48	 h.	 Both	 complexes,	 however,	 proved	 thermally	 stable	 under	 these	
conditions,	with	no	 significant	 changes	 apparent	 by	 1H	NMR	 spectroscopy,	 suggesting	 that	 they	
are	 the	 thermodynamically	 most	 stable	 isomers.	 We	 then	 turned	 to	 quantify	 the	 inherent	
electronic	 factors	 behind	 the	 contrasting	 coordination	 geometries	 using	 DFT	 calculations	
employing	 truncated	models	 of	1	 and	2	 (i.e.	1’	 and	2’),	 alongside	 a	 hypothetical	 system	 free	of	
geometric	constraints	imposed	by	a	pincer	scaffold,	viz.	[Mo(imidazolylidene)2(pyridine)(CO)3]	(3’):	
optimised	 geometries	 at	 the	 ωB97X-D3	 level	 of	 theory	 are	 presented	 in	 Figure	 3.	 From	 the	
calculated	 data	 for	 3’	 we	 conclude	 that	 a	 fac-coordination	 geometry	 is	 significantly	
thermodynamically	 preferred	 over	 the	mer-	 alternative	 for	 the	 specific	 combination	 of	 donors	
associated	with	the	CNC	and	C^N^C	ligands	(∆Gfac,mer	=		–20.5	kJ·mol-1).	The	geometric	constrains	
associated	with	 the	 lutidine-based	 pincer	 backbone	 in	 2’	 partial	 offset	 this	 preference,	 but	 the	
C^N^C	 ligand	 remains	 flexible	 enough	 for	 fac-2’	 to	 be	 lower	 in	 free	 energy	 than	mer-2’,	 albeit	

















(diimidazolylidene-dodecamethylene)lutidine	 ≡	 C^N^C-12,	 2).	 These	 complexes	 have	 been	
thoroughly	 characterised	 in	 solution	 and	 the	 solid-state,	 revealing	 different	 stereochemical	
preferences	 of	 the	 tridentate	 ligands	 depending	 on	 the	 nature	 of	 the	 scaffold.	 In	 the	 case	 of	








All	 manipulations	 were	 performed	 under	 an	 inert	 atmosphere,	 using	 Schlenk	 and	 glove	 box	
techniques	unless	otherwise	stated.	Glassware	was	oven	dried	and	flamed	under	vacuum	prior	to	
use.	THF,	benzene	and	C6D6	were	distilled	from	Na,	freeze-pump-thaw	degassed	and	stored	under	
argon	over	3	Å	 sieves.	CD2Cl2	was	dried	over	molecular	 sieves	 (3	Å)	 and	 stored	under	 an	argon	
atmosphere.	All	other	anhydrous	solvents	(<	0.005%	H2O)	were	purchased	from	ACROS	or	Aldrich	
and	used	 as	 supplied.	 CNC-Mes,15,16	 C^N^C-12.2HBr,12	 and	 [Mo(CO)3(PhMe)]19	were	 synthesised	
according	to	literature	procedures.	All	other	reagents	are	commercial	products	and	were	used	as	
received.	NMR	spectra	were	recorded	on	Bruker	spectrometers	at	298	K	unless	otherwise	stated.	
Chemical	 shirts	are	quoted	 in	ppm	and	coupling	constants	 in	Hz.	 IR	 spectra	were	 recorded	on	a	



















13C{1H}	NMR	 (126	MHz,	CD2Cl2):	δ	244.2	 (CO),	220.7	 (NCN),	210.1	 (CO),	152.7	 (py),	138.7	 (Mes),	
137.3	 (Mes),	 137.2	 (py),	 136.1	 (Mes),	 129.1	 (Mes),	 125.0	 (imid),	 115.6	 (imid),	 103.2	 (py),	 21.3	
(CH3),	 18.2	 (CH3).	 Anal.	 Calcd	 for	 C32H29MoN5O3	 (627.58	 g·mol-1):	 C,	 61.24;	 H,	 4.66;	 N,	 11.16.	
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To	 a	 stirred	 solution	 of	 C^N^C-12.2HBr	 (80	mg,	 0.14	mmol)	and	 [Mo(CO)3(PhMe)]	 (44	mg,	 0.16	
mmol)	in	THF	(2	mL)	cooled	to	0	°C	was	added	a	solution	of	KHMDS	(60	mg,	0.31	mmol)	in	THF	(1	
mL).	The	resulting	orange	suspension	was	stirred	for	1	hour	and	warmed	to	RT.	After	stirring	for	a	








CD2Cl2):	δ	 233.0	 (CO),	 225.3	 (CO),	 201.0	 (NCN),	 158.7	 (py),	 137.8	 (py),	 123.8	 (py),	 122.2	 (imid),	
119.7	 (imid),	 57.9	 (s,	 py-CH2),	 52.1	 (N-CH2),	 32.1	 (CH2),	 27.8	 (CH2),	 27.1	 (CH2),	 26.6	 (CH2),	 25.4	
(CH2).	Anal.	Calcd	for	C28H35MoN5O3.5/4CH2Cl2	(691.74	g·mol-1):	C,	50.79;	H,	5.46;	N,	10.12.	Found:	








for	 each	 isomer	 of	 3’:	 those	 presented	 herein	 were	 found	 to	 be	 the	 lowest	 energy.	 Thermal	







Compd.	 E	/	a.u.	 G	/	a.u.	 H	/	a.u.	 T×S	/	a.u.	 ν(CO)	/	cm-1	
mer-1’	 -1184.2270900	 -1183.9957351	 -1183.9243736	 0.0713615	 2091	(A1),	2023	(B2),	1968	(A1)	
fac-1’	 -1184.2087850	 -1183.9795105	 -1183.9061570	 0.0733535	 2078	(A’),	2019	(A”),	1976	(A’)	
mer-2’	 -1262.8337334	 -1262.5450285	 -1262.4692050	 0.0758235	 2064	(A1),	1973	(B2),	1947	(A1)	
fac-2’	 -1262.8340414	 -1262.5452319	 -1262.4689781	 0.0762538	 2050	(A’),	1978	(A”),	1931	(A’)	
mer-3’	 -1108.0191483	 -1107.8011721	 -1107.7294282	 0.0717439	 2072	(A1),	1971	(B2),	1965	(A1)	





been	 deposited	with	 the	 Cambridge	 Crystallographic	 Data	 Centre	 under	 CCDC	 1555986	 (mer-1)	
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